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Objectives: to assess the feasibd#y and potentzal &agnostic usefulness ofcolour-Doppler flow imaging (CDFI) to detect 
comphcations of supra-aortic vascular bypass grafts in Takayasu's arterztzs (TA). 
Design: a prospective study. 
Materials: nine supra-aortic grafts m six patients wzth Takayasu's artemtis. 
Methods: the minimal, maxzmal, and true colour-flow zmage diameters ofthe lumens of the grafts were measured and 
stenoses, occluswns, and &latations were evaluated and compared with angiographic J ndmgs 
Results: the sens~tiwty for detectwn i  >50% stenoses and m total occlusions was 75% whde specidiczty was 100%. 
Only one 40% stenosis had been overlooked zn whole. The maximal &fference of stenosis by two methods was otherwzse 
20%. 
Conclusions: CDFI was in general able to expose stenoses msupra-aortic grafts, but the lack of wslbzlity of some grafts 
throughout their length cause the false results. It appears that some angiographzes can be replaced by CDFI and that his 
is a suitable method for follow-up in symptom-free patients with grafts. 
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Introduction In TA arterial bypass grafts, venous or synthetic, 
have been inserted mainly to relieve brain and upper 
Takayasu's arteritis (TA) is a chronic inflammatory extremity ischaemia due to aortic arch syndrome and 
arteropathy of unknown aetiology with a predilection to relieve renovascular hypertension caused by co- 
for the major elastic arteries uch as the aorta, its main arctation of the aorta and/or renal artery stenosis. 5'7-9 
branches, and the pulmonary arteries, 1-3 and often Several well-recognised complications occur in vas- 
occurs in females during their reproductive years. The cular grafts, including stenosis, thrombosis, pseudo- 
disease is heterogeneous in presentation and pro- aneurysm, and arteriovenous fistula formation. 1° The 
gression, and may take a biphasic course. The early long-term patency rate can be improved by detecting 
systemic phase is characterised by the presence of non- evidence of early graft malfunction and by early inter- 
specific inflammatory features such as a markedly vention) 1These complications are diagnosed by means 
elevated erythrocyte sedimentation rate, weight loss, of contrast angiography, which is invasive, expensive, 
fever, arthralgia, and myalgia. 4During the later stage and uses ionising radiation and contrast material) 2 
the symptoms and signs are mainly due to the oc- A special need exists for replacing the angiography 
clusive, and sometimes also aneurysmal lesions of with a non-ionising radiation technique specially in 
the affected vessels. 2'4 Overlap may exist, and many patients with TA, who are usually young and need 
patients continue to have active or low-level disease repeated examinations. Conventional duplex US im- 
over extended periods of time and may experience aging has been shown to be an accurate method for 
evaluation of arteries. Colour-Doppler flow imaging exacerbations of systemic symptoms during the oc- 
clusive phase. 5'6 (CDFI) is a two-dimensional display of Doppler in- 
formation superimposed in real time on a grey scale 
* Please address all correspondence to R Ranmen, D1vmlon of image) 3 Its use decreases examination time and in- 
Radiology, Semajokl Central Hospital, Hanneksenrmne 7, FIN-60220 creases the accuracy level, 14"~5 and thus it is possible 
Semajokl, Finland. to measure the reduction of lumen diameter flow in 
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Table 1. Locations of supra-aortic arterial bypass grafts in patients with Takayasu's arteritis. 
Graft no Patient no Location of grafts, from-to 
1 1 Thyrocervlcal rtery-right subclavian artery-left common carotid artery 
2 1 Thoracic aorta-left common carotid artery-left axillary artery 
3 2 Left common carotid artery-left axillary artery 
4 3 Right subclawan artery-left axlllary artery 
5 4 lhght common carotid artery-right axfllary artery 
6 4 Left common carotid artery-left axfllary artery 
7 5 Right subclavian artery-right axillary artery 
8 5 Left subclavian artery-left axlllary artery 
9 6 Thoracic aorta-left subclawan artery 
a manner analogous to arteriography. 16 At present, a linear array transducer 7MHz for imaging, and 5MHz 
stenosis of infrainguinal arterial grafts is documented for Doppler insonation. The grafts were identified and 
by duplex-and colour-assisted duplex sonography. 17-19 followed throughout heir entire length with CDFI. 
According to Buth et al. 2° diameter reduction measured The angle of the Doppler beam to the lumen was held 
by colour flow was the best means of identifying as acute as possible, always under 60 degrees. The 
stenotic lesions in infrainguinal vein grafts, lumen was determined as the diameter of a colour 
No reported studies have indicated the reliability of line at each site in a longitudinal scan in a manner 
CDFI in detection of stenotic, occlusive, or an- to contrast medium in angiography. The minimal, 
eurysmatic lesions in supra-aortic grafts in TA or in maximal, and true (normal) diameters of the lumens 
other patients. In the present study, we have evaluated were measured. The minimal diameter was the smal- 
the clinical usefulness of transcutaneous CDFI in lest and the maximal diameter the greatest diameter 
supra-aortic arterial bypass grafts in patients with TA. of the graft including both anastomoses. The true 
diameter was the diameter thought o be the original 
diameter of the graft without a dilation or a stenosis, 
and it was the lumen diameter which contained the 
Materials and Methods longest part of the graft. The degrees of stenoses and 
dilatations were evaluated to compare their minimal 
Patients and operations and maximal diameters with the true diameter. High- 
gain, low-colour and low-filter settings without sig- 
Six patients with TA, all women 21-66 years of age nificant artifacts were used in CDFI examination. The 
(mean age 43.7) who had undergone nine supra-aortic inability to note colour flow in a graft even with the 
arterial bypass operations for arterial insufficiency, above settings was interpreted as the presence of an 
formed the basis of this report. The diagnosis of TA occlusion. Doppler frequency spectrum analysis also 
was based on a history and clinical findings suggestive was performed in the narrowest area found with CDFI 
of systemic disease and on angiography in each case. in each graft and the peak systolic velocity (PSV) and 
The time since diagnosis averaged 15.8 years (range the end diastolic velocity (EDV) were measured 
5-27), and the delay between revascularisation and 
ultrasonography was 12.7 years (range 4-19). Location 
of eight vein grafts and one synthetic graft Js presented 
in Table 1. The aim of the surgical treatment was to Angiography 
relieve the ischaemic symptoms in the upper ex- 
tremities and/or brain of all patients. Intravenous digital subtraction angiography (i.v. DSA) 
examinations were performed on an Angioskop (Sie- 
mens) unit with a 40 cm large image intensifier. A 5F 
high-flow pigtail catheter with markers 20 mm apart 
Ultrasonography (Cook) was introduced from an antecubital or femoral 
vein and positioned m the middle of right atrium, and 
CDFI examination was performed independently 40 ml of contrast medium (Omnipaque, 350 mg of I /  
without knowing the arteriographic results or clinical ml, Nycomed) was injected at a flow rate of 15 ml/s 
findings by one of us (RR) on every patient within 1 during each film sequence. The protocol for ex- 
week of arteriography using a 1990 model Acuson amination included an anteroposterior (AP) view for 
128XP/10 scanner (Mountain View, CA, U.S.A.) with the chest, including the neck, and left anterior oblique 
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Table 2. Percentage of stenoses with angiography and colour ultrasonography (CDFI), the peak systolic velocities (PSV) and the end 
diastolic velocities (EDV) and minimal umen diameters by colour ultrasonography in the stenotic areas of supra-aortic arterial bypass 
grafts in patients with Takayasu's. 
Stenosls m Stenosls in Lumen diameter 
angmgraphy CDFI m CDFI PSV EDV 
Graft no Patient no. (%) (%) (ram) (cm/s) (cm/s) 
1 1 70 50 3 1 102 15 
2 1 100 100 0 0 0 
3 2 80 70 3.5 118 10 
4 3 100 100 0 0 0 
5 4 0 0 6 9 72 20 
6 4 30 50 4 4 106 8 
7 5 0 0 6.4 96 30 
8 5 0 0 4 4 97 26 
9 6 40 0 4 8 88 0 
(LAO) view for the aortic arch. All grafts were meas- 9 /./ 
ured for the minimal, maximal, and true diameters of 8 - / " /  
the lumens and the degree of stenoses, and dilatations ~ r = 0 91 ........ " / 
were evaluated. ~ 7 - o / o 
~ 4 Q ."'" .... 6"" 
Statistzcs ~ 
The minimal and maximal lumen diameters of the 
grafts measured by CDFI and angiography were cor- ~ 2 
related by linear regression analysis and presented as ~ 1 
scattergrams with corresponding Pearson correlation .."i ' /  I J I I I I [ 
coefficient (r) and the uncertainties of the point es- 0 1 2 3 4 5 6 7 8 9 
timates as 95% confidence intervals. Minimal diameter ( am) m angmgraphy 
Fig. 1. Graph of linear egression analysis comparing mlmmal lumen 
diameters m supra-aortic vascular bypass grafts measured with 
colour ultrasonography and anglography m patmnts with Takay- 
asu's artentls (--(9--) Regressmn 95% confld 
Results 
Figure 1 demonstrates that the minimal lumen dia- 
Six grafts (66%) were visualised throughout their meters measured by CDFI correlated well with min- 
length with CDFI. The shadow of the clavicle pre- imal diameters measured by i.v. DSA (r= 0.91). The 
vented visualisafion of the distal part in two grafts maximal lumen diameters by CDFI correlated well 
(no. 5 and no. 6). In one case the proximal part of the with those measured by i.v. DSA (r--0.86). Two grafts 
graft (no. 9) in the thoracic aorta was not visualised, (nos 1 and 5) showed fusiform dilatations in angio- 
and the distal part of the same graft remained in the graphy and in CDFI and the maximal lumen diameters 
shadow of the clavicle, were 11 mm, 13 mm, 14 mm and 15 mm, respectively. 
Seven of nine grafts in five patients appeared patent One graft (no. 6) had a fusiform dilation in CDFI 
and two grafts in two patients were occluded. These (15 ram), but was not confirmed by angiography 
results were the same with CDFI and with angio- (9 mm)(F ig.  2). 
graphy. Angiographical ly 70%, 80% and 30% stenoses The sensitivity of detection of >50% stenoses and 
were evaluated in CDFI as 50%, 70% and 50% stenoses, total occlusions was 75% and specif ioty 100%. Only 
respectively (Table 2). One (no. 9) 40% angiographic one stenosis (40%) had been overlooked in whole. 
graft stenosis in the distal anastomosis was not noted The maximal difference in stenosis estimation by two 
in CDFI, because this site remained in the shadow of methods was otherwise 20%. 
the clavicle. PSV and EDV in the stenoses >50% were slightly 
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18 / / /  duplex imaging. 1°'19 The sensitivity and specificity m 
detecting stenoses by these ultrasonography methods 
16 r = 0 86 is good, and CDFI speeds up the examination. ~9Infra- 
14 inguinal grafts are superficial and visibility by ultra- 
sonography is good, while supra-aortic grafts are 
~ situated more deeply and visibility is restricted espe- 
10 cially by the clavicles. 
~ Buth et al. 2° compared colour-flow duplex criteria 
~ 8 ~ o ., .... 0 .... - .... with angiography for grading stenoses m infrainguinal 
~ ~ ~ '  """ i i i grafts. Diameter eduction measured by colour-flow 6 
" imaging was best at identifying all stenotic lesions 
4 greater than 29% (sensitivity 88%, specificity 95%). The 
other parameters included graft peak systolic velocity, 
2 / o maximum peak systolic velocity, the ratio of these 
0 criteria, and end diastolic velocity, but generally high 
0 2 4 6 8 10 12 14 16 18 and low velocity criteria are used in infrainguinal 
Maximal &ameter (mm)in an~nography grafts. In our present study a poor correlation was 
Fig. 2. Graph of lmear egression analysis comparing maximal shown between PSV, EDV and angiography in supra- 
lumen &ameters m supra-aorhc vascular bypass grafts measured aortic grafts. The stenoses in our study were usually 
wlth colour ultrasonography and anglography m patients with 
Takayasu's artentls (--O--)Regression 95% confid proximal, and it is difficult to measure a prestenotic 
Doppler spectrum even in the inflow artery, which 
higher, but these parameters did not separate these usually is affected in TA, and to determine the stenotic/ 
severe stenoses from the stenoses <50% (Table 2). prestenotlc ratio; therefore we used diameter reduction 
measured by CDFI as in angiography as criteria for 
the presence of stenosis. 
Many pitfalls may give rise both to over- and under- 
Discussion estimation of stenoses using diameter measurements 
by CDFI. CDFI is based on the mean Doppler frequency 
The supra-aortic arteries are usually and typxcally shift and it measures a directional component of the 
obstructed or occluded in TA, 21'22 and arterial bypass velocity of blood moving through the sample volume. 
grafts are needed ue to upper extremity and/or brain As such, it suffers from inherent limitations, including 
ischaemia. 5's Clinical symptoms and signs can suggest Doppler angle dependence, a tendency for noise to 
the presence of graft complications, but these can be overwhelm the flow signal if the gain is too high or 
misleading due to disease progression proximal or the Doppler display threshold too low. On the other 
distal to the grafts. The aorta and its several branches hand, separating the thigh stenoses with tow velocities 
are usually affected in TA; the blood pressure in any and long very tight stenoses from occlusion may be 
extremity can be misleading, and it is not possible to problematic in CDFI. In the same way, low flow ve- 
measure blood pressure m the carotid, vertebral, or locities adjacent o the arterial wall may cause mis- 
renal arteries with non-invasive methods, interpretation with measured lumen smaller than 
Grafts are traditionally examined with anglo- actually true. We used rather high gain, low flow, low 
graphy. 23 Intra-arterial (i.a.) angiography by direct ar- wall filter settings and sharp Doppler angle to try to 
terial puncture utilising any route is associated with avoid these last-mentioned pitfalls as often as possible 
a small but definite amount of morbidity and mor- The age and quality of the scanner and transducers 
tality. 24'2s It may be technically difficult, and catheter as well as frequency of the transducers, variations in 
manipulation in severely diseased cases with TA con- gain settings, pulse repetition frequencies, and re- 
stitutes an additional hazard. 26 In TA patients i.v. DSA jections of low velocities can influence the obtained 
will often suffice. 27 The visualisation of all grafts in images. In our study the Doppler insonation was 
our study by i.v. DSA was good. Intravenous DSA, 5 MHz, which is statable for these superficial grafts. 
however, does not guarantee as high quality visu- Two anastomoses of the thoracic aorta were deep and 
alisatlon of the arterial or graft lumen as intra-arterial the 3.5 MHz insonation would have been better m 
digital subtraction angiography (i.a. DSA), and this these cases. Low flow settings m CDFI typically use 
may be a potential pitfall, very low pulse repetition frequencies, often resulting 
At present, patency of infrainguinal arterial grafts m aliasing artifact, which obscures directional in- 
is documented by duplex and colour-flow assisted formation, but does not so influence the diameter 
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